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(54) MASS SPECTROSCOPE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a practical mass 
spectroscope for proteome mapping with improved efficiency of 
protein identification in proteome mapping. 

SOLUTION: By providing an orthogonal acceleration ion trap bonding 
time- of-flight mass spectrometer with a means of trimming down 
velocity distribution of ions injected from ion trap, a range of mass 
to charge ratio is enlarged. 
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[|fj|<II2] -!:^yMt. ^yMT±fS.-^tLfz4 :^ 

r^^i^mm^tifz-^ ::tyi,zM Lxmtm^: ^m-thm i <^ 
ui^i<zmimi:im-thm2cr>mim(-m^mt . mum.-^ 

imsms] ^^yut. uy:^'mmtj:-y\^^^-yy° 

hm\^^ixfz-< :^y^znL. A :^yco%i\!ii^tLtz-:H\^\iz 

■n\!^i,zm^ifdm^ixtzA:^y^m!{thm!>^iz. m 

mmm t . fri bx y^^^-y rmmi>zmmm:n ^m^^ 
h%2 crMWMMn i v^-^ikWM- 1 . fr fan 1 cnrnfm. 

i^^'mthmmmkb^mx.fzz.b^'>mib^hm. 

It. ^WL<mM%&^f^uthns.'^mk^mtfz:i 
b'kmmb^hmm.-^^mm.. 

u yx ^^rf -g. z-b^w^b ^h'^m.-^tmmm., 

[ If ^iM 6 ] ^ y-iis h . ^i- yux'^m.^fifz A ^ 

y h- 7 -y 7X h 5 >y r $ ^ S: ttj-r i. #S t , 

iS^ :t y h 5 -y 7°*> ^>S^ ai § ix/c ^ :t >- IzM L Mia ^ :t 

[ if 5l< ^ 7 ] W5t<il 6 tc:iatKcO«»i3"*f ^gtCtJ V . 
Huia^ :t N 9 'y $ ix/c :t > 2r Htfiaig— ^0 

i ^ ^® t -ri. «»ii-tff^So 

y^mmtmiti-th-f :^yh^ yTb. U.4^yYy'v 
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xmi}\^f<zmM^m\i-thmm(m^f3Lb. miam^ep 
-^^mzii K)mmtiim\i-^ivtz^ r^y^mBi^^^mi^ 

b. Hyia-^':^>'h5-y7°*><i>tfO-^^>'(7)Wt±5i^:^-^ 5> 

b^^L. tmmmmt. ^^ycomm^mtti'r^i^-i 

Mz. -I :f ycomta^mt^-t ^ ^ ^y^^'b mummi-p 
mt^^h z b ^mLb-t^mm^mmm.. 

hfzi^iz. mimmm^mzML. -(:^ycomii!,im 
''^b-t^'S.m.^w^u. 

X. -{^y<r>m^^m^Lxi3>t^msm'^-thmM'k^ 
^hmm.-^fi^mm.x'^'^x. ■<^y<r>m\i!,b^^^m'o 

iSLfir^vv 1 m^tz\i.wmcr>^ ::^y<7^%m%{zw-M 

[ff^IBl 2] ff*JM8tCie«0«*:J^tlT^S(3i3V^ 

mmmmmi. tmm^m.\±. -^^ycomimm 

hmzm\i^^ti.h ^y<^'^m.nnmtmmi)^:s\^><zu 
^mi^zm^x^-^ox -3 \,z'm)i>zb ^mwib-t hum.^ 

umm 1 3 ] n*iM 1 (ciatfe««*^t;f^atci3i^ 
mM 1 4 ] if^ii 1 tcieac7)M*3i-w^«iciDV^ 

T , HUia-^ h 5 -y 7°tc: h 5 -y T Lt^C-^ :t >-(7) d *>fi 

tf-f :t>5r -^^yvy -^ynrnzm-xm^^^^y v ^ 

•yr;&>4>Sfl^-r^*Si:. I^M^Lf^i-f 2:-^ h 

y^mzn Lxm^-^^yv'7^y-Tij^^wm-th^W[.b 

Lx. -ncommb. imMmf<zmfx.w±.^^'^L?^'& 
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(D^mmm^&mmmmx'h'yx . mmmmmii. ^ 

tifzijmzmtii'r^tx<^mz. mimmME^^^t^ 
fitzumzm^^htxcoT^^z. mtm.mxi±^mm 
cif^JB2 0 ] m^m 1 ~ 1 9<r>\>^'fixMzim<n'^it 

[1**112 1 ] if*iii--i 9<r)\,-^-ttiMzimco'&m. 

[00 0 1 ] 

mcomm-^mmzm-th . 

[00 02] 

im^comn rtiy':t-j^mmcr>-!^mx'i,i. wfla*>^> 

titz^ ri- F Bt>t- Sr IS* n -7 h j?" ^ 7 T'^JIt L Tt: m . 

^mmimmm ( c i d ) i o^j^ml. 6i-m^m^(^ 
X'lmmco-f^y^m^Lxm^L. mn^fm^Mm. 

nmm^mr^ti^m^x'hK). —mzMSn^ii^t^ 
imh o mmm^ ^yh=7-/ ymMm^mf ( i tm 

S ) {i n = 3 miiOM S n ■i^mt^'^^Xh 0 . * J^c 



'r:^-j^m^xu3 0 0 ommtx<^mM.nm^}:t^m 
t5o oommi;itc7)m&^mmti^mtti?>cr,izML. 

Mm.^mm:^m^i-^-ttti> 200 o^^-c* 0 . § ^^^tc 

C0|3^^Si*;{)ifSV\ ^*aMl (B.M.Chien, S.M.Michael 
and D.M.Lubman, Rapid Commun.Mass Spectrom. 7(1993) 8 
37.) t:(±, E«ffi-Y^yh5-yri:?RmPBlM«*ii- 



*ifi+(TOFMs) }i^mmi,z^-^LtzmM-^mmm¥ 

^^^tLtV^S, *^aS:fflV^iX{i n = 3Jil±cOMS n 

mmcoT oFMs^ffl^■^r^f■5^^ ;^^'^tgT-^ « 

|3lfS«S-^StLTt3 0 , -< :t y b ^ -/T^^'T O F M S<7) 
jD^SPSr«E^3tTV^S7ti>6. Jna^ffXM^yisCI Dffl 

L . ismwt-is^i»tg^#-i. t i)mmx$> h o tmrn 

]±^-Bi<^fi^i^^y^m.nmx'm\^x%hfz>^mw 

^x^m^ tifz-^:tyit^s.:^f\^y-^ x^t^j:^ mmTm 

(^i&T^m<. i>*n0^J2 (U.S. Patent 6011259) izm^ 

^tifzm&'i^^mm.xit. :ty?:?'^ ¥^xc i d 

A:^yiiA K*><i>-^:tySrPaiLTit:>aJ[ljISy 

ii^b'mmxt:i>. -mi^z^-m-^ :^y:^'4 Yxcnc i d 

2 <!K7t^ ^ y h 7 -y T ( i U -T b 7 •/ B?«m 
-I.) iiLT^tgS-li-'l.iiitCiO. ClD<r>^mihi> 

mm^ixtz-i^y-h'^m^L. ie^^m\<zm\i^m.mH& 
^^^^mt^h-otz. t.fzmsm^:^yhv-vrt{im^j: 

0 . U -r h 5 -y 7''X-{4 n = 3 l^Jl±COM S n ii^-^^X 

[000 3] ^^)?iJ3 (C. Marinach. A. Brunot, C. B 
eaugrand, G. Bolbach, J. -C. laibet. Proceedings of 

the 49'''' ASMS Conference on Mass Spectrometry and 
Allied Topics, Chicago, Illinois, May 27-31,200 
1) {,Z\mM&^ 3j-y h^-y:7°^TOFMShSr#lBlW 

\,zm-^Lfz'M.».-!ff^w.tm^^fix\>^h. *^s-c' 

y h 5 -y r CO W i: :^rr6j \>z-i:^y^ tm L r t o f 

m^txmm-thfmzm)j\^ \,zmLxx%i, tznmmi 
i.z^w.^'txmmmzm^A jj-y^jS^ffMs-tt-?.-:^ 



[00 043 
[00 05] 

JrbiEH Sr « ^ ^ >- h ^ 7° ^-f^yS-l^ai-T 

-(^ytimii!,^ii^^.<^wmmm^j:^. tant-i^m 

iT'iorat-^ itycr)Wn-)j\^\>z>{ ■:^y^lymthfzi^<^ 
%^^m^LXii<:itiiZi.^ . ^<»I^>tL/c^l53D3I 

imm.w^mz^^-th-{ ^ y<7^m.^^^^ i*]±-r ^ 

[0006] t.fz. 4:tyhy-y H^jD^gE^-^ 

gji^ :t>' h 9 -y y°^^mzimxi,&\,'^L. ^mi^zmf 

«*iS:Mtt?tJ:l: (m/z) tc^E 1 7^^ BtPaln^^l; Tittle 
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mm(^^^ ^zjpij^Lxmiii^i:km^t-t^!(i^m^hi> 
0 . h ^ 'yy'izmm^ti^ 1 [iico>f jj-y^wc'^ 

%m^z}i\^x^mx»^^. :tycom&^^i4'^^<'t 

h^&COMWmt LT{±, ( 1 ) ■^:tyhy'yTi}>i^-i 
:t y^^tb i f <7)PBlt:-f :t y b 7 -y T|^g|3<7)3n3$ 
«^*;»C# <-r-S.*\ ilJtfi (2) -^:t>-h7-y7";!)»^ 

^ymtta^fifzmiZ'^ :ty h ^ '■/ytnatw^Mm 
zti^zi.'om-^i^i^-^ :^ycomjM.-^^^m4^-th. 

( 3 ) ^mLfz\,^nM.Mmmim.M^mm^zm\L. # 

3f N 9 -y y'liZmn Lfz4:^y<73o-h. i&^MMmMlt 

m\^4 ^ yizm Lxit^^yvyv y°mM».^mmi 
FMsizx'omif't^mco^mii^^thix. -^^yh^ 
izj: 0 , mzmmMm^immi:mct^ z bi}^mT 

[0007] 

[ wMcommmm ] ( mtm i ) h i h^^s^comm. 
Ti4 , ^y^^9 cr)^^m>^<7)'!i}-^m.^MM^m-mz x o 

-^^'-:^tm^-t^zti,zX 'OTvco^yj-^i^imM't 

t-r. mmt^hi6iiiiLrz^yj'<:!^M-^^mimm 

(LC) 6 OCT,-! yiyx.^i?i,zm:iML. LC^Ig^WiA 

>-ax7V— (ESI) -f:^>-i®lt:fij^-r-l.. 5^*5. 
■i::fymiiESll,zm^$tl^^\ :^yMit^^mi'^ 

mizh 0 -i :^ym^zmmLfz'<y°^ Hiir>t*^feJiic-f 
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1. 5 2\iy-hmMi.zw^^ixtznMX'h^ . ^^y 

1 6 *i 1 7 TW^Six^ . U >'^"««g 1 5 
VMA3ioi. x/m^^VMh^ . x y H ^ -y r mffi i 

6 . 1 7 (:{iIi:^«Ji4 1 . 4 2, 44, 4 5*^;^-f -y 

5 yy\m\wimm. 1 4 tci offlffli^^x^i. . h 

ni^fi. xm-r^A-^ycTioibmm'&ms.comm^znm 

'th'^miMVMit (m/z ) \^Ltco-i:^y^mu-th 
2{icoxy K^-r -y 0— 1 0 0 vaJEc^ie»£« 

E (A*>±*^''9 1 0-1 0 0 n sm&) ^mnLX-^^ 

y\-y yriHmzmmmmi:mfiith . mM^tifz^yf 

;^-;U7 2riKi§-ri.. ^iiy^t^-JV^MT^l-fz^kc^A ^y 
yy'^'t^coWSLVtr&pX'^t. . ^ ^ y(^'^Amz{± 

= 2 e VtrapT-^S ^jSJS vfJl^^T btt^Sdll^SR IBS: 

Mfli-r'So ::c:fM{4>f 3j-y<:oM*> z{4W:t:y<7)jffi 

{ J i:'^ < JaillfPtciS'M'r-g) . Ifi^cJDjagB 1 8 {4 2 tS[c7)¥ 

^TV^fl;fl6 9 J; i/^' 1 0 T-ffiBic § tL . m z: 0*^315 s 

Sra. 2*fc<^m«i:«ti!!W4TS)D, ::ty/!)^'3E«S^x 

100 ns) -ktm-th. nMi oli-i ^y^m&^-t 

mm9.&^^ma^tifzmizm.^Mm.mzmx.-t^ ^^y 

\i.m.-h^z%m^fixwmi o<7)?h)figptc«§§t^^aiisic 

{4*«*ic7) H 'J 7 h ^PbI 1 1 ^fl^^f LT y 7 1- ^ b n y 
1 2 fcAlt U . 'J 7 P h a ynUXKm. LXMlf H 'J 
■7h^ra$r?i§^TLTMCP1^ttifsl 3tcAlt-r-S>, U7 

^fifej&^ O (M:^I^(:M-rS) i.zW-t^mmhifi'Oifi 

^Mh, m^nm^^r^m^T^umm^^zj^wiL. *.^*> 



ClfctiJ;*), ^^>'^^J;^JR:^$)J||SrS5i-^t;T' 
a {4 . V trap i: m:^tm^{HXCO^mMii Vacc J: CO 

^y^mtti-rhfzisbi,zmiiimiMmvMM(^M^ tmm 

WJc<7) h m^mm ^tih. VtrapiJ j; X/V&cc<r)± # $ 
{4. ^Ji.tf*ix-e'ix2 OVi3j;t/"7. SkVT'SiO, ^ 

<^t^a=m3^X'h^. :^<^t^. nm^yX32^ 
■I), |5l^t::. 'i:^yhy'yy°iiiOt\::y:!t^~fi^tcr)mz 

tf«lx>'X3 0Sriea-t-2.>ri:tci;'9. b°y*-;l-Srji 

. ^ :t y f- A (5Djl£*i" 0 ?r -S. .1 i: S -S 
PSgj&^l^ai-T'i. . MffligB 1 4 {4. X-f >y ^4 8 , 4 9 is 
J;lX5 2S:-t:J]'9#;i'l.;i:t:J:'9. Vyy 

h-^:^ykW5^LXt)^h m.'Sc.tm^ iZJ VUX «J± Sr Epao 

■t^txcomma. mmsfii4\^i,zmfi^tirzmm^m 
i:mm.-t^t^<7)^mm&tt,zx-yx^th. m^x 

tl h , $ii«PgP 6 2 {4 , ftiJUPIfB 1 4 iOMtCiffiiO 

SB 1 4 tci h^w-&^<miffWm:\i'kwm^^h . 
0 2 {4)i^co M s %m ^ -5 t^^co^mmi^z BuM-t h m 

S.i^-^y:^i:^-t. -^ytyhy-yyi^^^^r^y^M^ 

mmmMim^-t^fzi!bcr,m.^M&ti^(^. mmmw^^ 

mm.-thfzi^cr,mmzim^th . ^comk {lus^ 

mk) l>zy~-hmK^^<t^-±X^:^yh^y7°^cr)-^ 

:^ycr)^AXinm't^. ^colk. lt^JP5Sg|5^Ma:E 

mt^z^^-t^ yi-y<7)Mm.M9Mitm.mi>zm^-tl . 

b 5 -y rt^mz%mmim^m^\^fzmk-h-^(otmms.f ^ 

;l^XSrEpJn-rSiT"COB#PBT (HcfJ^OTacc) tfjSc^?-^ 

-^x^ ^ y\^'^^m^mm^^L^y'i^^-1s^<^^ 

t *''J^<iM mini: £7) Jt Mmax/ Mm i n{4 V trap tcflic#-ti"f 
— ^rj>.|.<. l^^'5-cayS*(4Mniin (^;^c«4Mmax) co;^*- 



Vyh ^x.ri,zX 0 '^mx-^hti:^ , M S/M S^WT' 

{±5t-r . M S ^Vf<^m^ tmmi^zLX^ ^yhy-y y'iZ 

y {zfi^:m-^yi-ytvf^) m\-co^:^y^-(^yhy 

-i^yti^j^mtx^m.^ti^mfn^^y cumm-iyf 

i&-mn^tii. ^xi,z. m2 tmmco>'—iry7.im^^ 
xm-i yi-yi^^yh^-yy^^hmuiLXTOFMs-^ 

m-t^. m±c7)i/-^ryx^as«ii 0-1 0 00^^ 

fzMSymSX^^ hJUim%Lm-i :^y(D-ii'^m^Mf 
%-th , E S I j£t1i^#tC^ffi-f ^>'*^■^!£)^!cS^^^•rv^ 

fz^. t.-f^:^y<r>mmi'ikM-thiimi}^hh, ^yj^ 

xtm^LTtcn^yj-^^^n'^-th. mz. usx'^'p 
WdzLxus/yis^m^Vs'j . mT, n#gK5S;so 

-Ti. x'cnm. m.'^m\xuvxtco-^<^m'^'km o 

COM S/M s;^'^:? h;pa!l^li{i-eix-?'ixo . i -^-tm 

ti^txmL-\-^j--w^f>zhtz->x'mm.'!^mt\i<zmx^ti 

:t >- h ^ -y r «4 4 ^X^^fi^WMMi 2 1 ~ 2 4 1'^ 

4. fS<7)2*$i:{4U>-J?'«l&2 2t3j:l>'2 3T-^^« 

^ y ^ h i^^^z\i 2 ^S:c7) U >- 2 2 J: 2 

fflt^l, ^Jn3M;3^Srff^fi!<:T'# ( 1 ) :t 

Vb'-A(^S£*>' D V->. ( 2 ) -gJD^i: i -S^S^ 
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:^y^-( :^yhy yy't^i^M^mi-^tzibco^'&kLxlt 

^zti^±L-i^yhy-yyt^i:>mm^ti^. zcommmf 

s&^i:mtLxw\mzma-t^zti>zx-oxij. ^s-r 

mi:A^yhyyTum^m<r>-m^^-t. ^^tyvy 
'yy°{z4 :^y^mm'fz'\k. i%JiliSfl:jEioEnjo2:i?± 

m.^m&^ epjp ^y h 7 ^y ri^igpicjnism^^ff^ 

( iteMIt ) J; t;''S:;'c«JEffltciijm- •& X<D^m Sr IS 

-'m<7itmmwc^^y'km\i!>-th^{z\t. ^it 

yhy 'yTt^i^mtii^fifz^ T^-ycDMMx.^-^l'^'-li-' 

%x'hh. mn^^tttz-i^ycTim^^ii. v=^(2- 

z/M ■ eV) xikt.h. z z.xmi4 ^ycr)W^^ V 

m^mM^^fz^m-^^zii. m^^fifz-^ ^i-yojiwx^- 

tutffSr^j^M-fbt- i) z t ti^x^ ^ . n 5 i;. ( a ) nmm 
JiSri«jDt^v'>*&-^fc itx ( b ) tmw^^^Mwi/zmu 

^■tfzm-^izmf^-^ :^ymMcoM^mi:^'t. |5l«o 

x^h. melt. mMmi::^i^'yTmz^-it^-\th^ 
y b ^ -y y'^mij'A'&^'t . -vymztmrn^^ 

mi}a-t^^mxu^~yTy^y\':?4M>i,zj:^^:^y 
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h ^ -/rtaamtcomz^mMti^mf&^ti^ i; o 
miw± L , ^ ^ >- h 5 >y y°\HmziammM'S:Bf& tx 

-(I: § -ti: , mf<z^^Lfzmiz{B.) mmmM<7^mm iiwS'-^^ 



<OB#;STm/ z 5 0 0 — 310 OtO-^ :t>'*^'JP3Sffl^iC 

x/Minin){46. 2i:-J>S. "^T. ^:^t&S:ffl 
-^fc{4JP^^^t;:#ft-ri. :t>'{4m/ z 6 0 0~ 1 6 
OOTfcO. Mmax/ Mining 2 . 7T*I.. f^*?*>V 

2-, ::ty«lilftWy7 h S IMI ONxS:fflV^Tlt»: 

Lfzb:i^. ^um^m^^hm^f.z\t. m^^<^m\m 
m!/fmt. mT&Lfzi;.oi<ztmw^(^^^^zmL< 50 

•y r t mffi i: <^Pb1 S: :t ytim^-t l> S 4^ Hi PfiJx y 



^•ri.'f 4-y<7)^t!)x;t-yl^^-oj:t3f?i/jN$ < ^1. J; a 
mmM^(r>mM^^'{t^'^it^^^. tztSL. -^^yt- 

i:'9i>5fefi='f:ty^M)a[$-ii:'?.:^jSi^:tr*WiLV\ 

u-Th7'yr (2i?:7C'f^yb5-yr) ^ffl 

V^-S.|l3S!lDMMTOFMStioV->Tt*^t'$).&o 

7j-yc7)iI^:5i-?[j^^/jN-ri.#f5i: LXli. mt^WHz 

mM^m^-^^zbii'^mx'h^, 4:^yh^-yy't^^-^ 
mw^Wit Lx-h^^A jfy h ^ -y y^mztmmM^m 
^^mm- ^t. ■i:^yhy^v 7°i^i35T-co-f yco-sm 

A^yh^-y y't^MxcDA ^yi7)3iif)x;t-yu^— 
xcoA yi-y<D^m^'^mmiz-th-/iK ^umi:m^^ti. 

[0 0 08] A :^y h^y 'yy°f]^X'A ^yiihhU^cr, 

^m'rtm^ ij-^fzub. ±M LtzA ^yltai^S^Mft/:: 

o T t . Aity<r)^MiiLm.cr>m^zi.'oXA:^ 

ymm^ixt^cD^mmmim^j:^ , \i;,ut)>^m\m 

c7)-Y:ty{4tiiPt:i3fi»'^fi!lc7)^:^yj: 0 t^StiTSttfi^n. 

^cr>mm±^U>.zm.\<^mcr)A:^yi:^i^±t\>^fz 
Mzhh iiMX' ^ n S: iH< ^ilSf « >! c7)fiM« i^PaliRma 
Eh Jm-S . ^ :t y h ^ 'y Ttam^i^m^MM^tX' 
<7)mzA yty<7Mn^l^izA :::fyt:1im-t^fzlibcr,mM 

mi,zj:-oxmmmia.s^mm't?> ; i: *^"C'# , ic^) 
mmmmz^^-t^A ^y(Dmiii^m^f^±T^ztt^ 

ifii^-^yxco-m^^-t. ■i:^V^yhU^xim^fxL 

(i:Minax/Minin= 2c73^aSrfflV^-rm/z 3 0 0 — 3 0 

0 0 tXi-^tfi-thm'^i,Z':>\^xm^Lfz. c:<73^-^. 
^MMS^tmmbSEIllSr 300 — 600 (•7;^.'>^•yK^ 

1) . 55 0—1100 {-^x^ ^yy^^2) . 100 

0 — 2 0 0 0 (VX-^ ^ y H-^S ) . 1 60 0 — 320 

0 (vx-^^- y ) t^Sij-Ti., -?x'^ y)<<>sS 
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I., t-r^^tyh7-yr{c-f :ty^¥8fL3tm. ^5j-y 
h ^ -y r ^ -f :t y ^ It ai L . JpM^ ^ epjD L T V 
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